This article investigates the contribution of allocative efficiency to aggregate labour productivity growth in Italy between 2005 and 2013. Exploiting a unique dataset that covers the universe of firms, we find that allocative efficiency increased during the period of observation. We show that the dynamics of aggregate labour productivity benefited from the reallocation of resources among continuing firms and from the net effect of business demography. Among industries, we find that reallocation has been stronger in industries that are more exposed to import competition from developing countries. Moreover, we document that the observed adjustments have not evenly affected all firms across the productivity distribution: selection has become tougher for firms belonging to the lower tail, forcing the exit of the least productive firms and favoring the reallocation of the workforce to the best performing ones.
Thanks to the increasing availability of firmlevel data, a growing theoretical and empirical literature has documented large and persistent productivity differences across countries and firms within narrowly defined sectors (Bartelsman et al., 2005) . This research agenda has considerably improved our understanding of aggregate productivity dynamics by highlighting two distinct mechanisms of adjustment. On the one hand, aggregate productivity is the result of technological and managerial decisions made by entrepreneurs (Aghion et al., 2009; Bloom and Van Reenen, 2010) ; on the other hand, it reflects the ability of an economy to allocate resources towards its most productive units (Hsieh and Klenow, 2009 ).
Several studies have documented that the share of aggregate productivity explained by the latter, i.e. allocative efficiency, is substantial in an accounting sense. In the United States it accounts for 50 per cent of aggregate labour productivity; 2 in Europe its importance is smaller and ranges between 15 and 38 per cent (Bartelsman et al., 2009) . Moreover, it explains a substantial part of productivity differentials among countries (Andrews and Cingano, 2014) . Intuitively, the larger the share of employment that goes to more productive firms, the higher the aggregate productivity.
1 The authors are advisors in the Structural Economic Analysis Directorate at the Bank of Italy. They are grateful to Matteo Bugamelli, Francesca Lotti, Paolo Sestito and Corrado Abbate for helpful comments, as well as Maria Gabriela Ladu for excellent research assistance. This article also benefited from the comments of two anonymous referees and the editor. The views expressed herein are those of the authors and do not involve the responsibility of the Bank of Italy. Emails: andrea.linarello@bancaditalia.it; andrea.petrella@bancaditalia.it. 2 Allocative efficiency is defined as zero when resources are randomly allocated across firms. In this situation aggregate labour productivity would be 50 per cent lower than the actual level.
One interesting conclusion of this line of research is that misallocation of resources across firms due to frictions in factor and output markets may lower aggregate productivity.
Despite the increasing interest from both academic researchers and policy makers on misallocation, the most instructive measure of firm-level heterogeneity to detect possible distortions in the allocation of resources still is debated. Following the pioneering contribution of Hsieh and Klenow (2009) , several studies used the dispersion in revenue productivity to proxy for misallocation. Although Hsieh and Klenow (2009) Bartelsman et al. (2013) argued, both theoretically and empirically, that within-industry covariance between size and productivity, also known as OP covariance (Olley and Pakes, 1996) , is a robust measure to assess misallocation.
In this article we will focus on labour productivity dynamics in Italy, which has been disappointing with respect to its main Euro area partners; in particular, our aim is to investigate the contribution of allocative efficiency to its aggregate dynamic. We take advantage of a unique dataset covering the universe of Italian firms operating in the private business nonagriculture and non-financial sector over the In order to assess the importance of allocative efficiency in Italy, we follow Olley and Pakes (OP) (1996) and decompose aggregate labour productivity into the unweighted firm-level average productivity and the OP covariance term between labour productivity and size. We find that the contribution of the OP covariance to aggregate labour productivity increased by almost 7 percentage points between 2005 and 2013. We then apply the dynamic decomposition proposed by Melitz and Polanec (2015) to aggregate labour productivity growth. This allows us to distinguish between two mechanisms affecting allocative efficiency: first, the reallocation of resources among existing firms; second, the selection, i.e. entry and exit, of firms in the market.
Our results show that, among incumbents, between 2005 and 2013 the reallocation component contributed positively to aggregate productivity growth. Its contribution was larger (in absolute value), with the exception of some years during the crisis, than the decline observed throughout the entire period in average productivity. The net contribution of firm demography is always positive in our data: the exit of the least productive firms more than compensates the entry of newborn firms, whose productivity level is on average lower than that of incumbent firms.
We then look at the correlation between our measures of reallocation and selection and some industry structural characteristics. Not surprisingly, when we focus on the effect of the business cycle, we find that average productivity and reallocation among existing firms increased more in the industries experiencing a boom. This is consistent with the evidence that firms invest in productivity-enhancing technology an d m a chi ner y when t hey e xp er ienc e a n increase in market size (Syverson, 2011) . We also document that the contribution of entry and exit to aggregate productivity growth is countercyclical, i.e. it is lower in industries that experience a boom. This result is consistent with the cleansing hypothesis, i.e. that recessions are periods of tougher selection for business initiatives (Caballero and Hammour, 1994; Foster et al., 2014) . Moreover, we show that the reallocation effect is stronger in sectors that were more exposed to competition from developing countries; a fiercer competitive Solow (1957). 3 Recently, several studies have explored the misallocation hypothesis as one of the possible causes behind the productivity slowdown experienced by many advanced economies (Cette et al., 2016) . Gopinath et al. (2015) show that the decline in real interest rates, observed in South- The construction heavily relies on work done at ISTAT over the past few years for the construction of the FRAME-SBS dataset, an integrated firm-level census dataset that covers all active firms. While the census FRAME-SBS represents the source of information in our dataset starting from 2012, the joint effort of BoI and ISTAT contributed to filling the gaps backwards and building a longer time series of data, suitable for studying the evolution of the Italian economy starting from the mid-2000s.
Our aim is to exploit the microeconomic heterogeneity behind aggregate trends in labour productivity. With this aim at hand, we exclude from our dataset several sectors. First, we exclude agriculture, mining and quarries (NACE divisions 1-9), and regulated sectors such as gas, energy and waste (NACE divisions 35-39) for which labour productivity dynamics could reflect changes in prices that are independent from the firms' underlying productivity. Second, we exclude the financial sector (NACE divisions 64-66) for which data are not available. Third, we exclude the non-business service sector , because their overlapping with the public sector might influence the productivity dynamics. Finally we exclude some sectors for which aggregate labour productivity computed using firm-level data significantly diverges from estimates inferred from National Account data. 5 At the aggregate level, our firm-level dataset closely tracks National Accounts data. Panel (a) of Chart 1 compares the growth rates of value added between the two data sources, for manufacturing and business services separately; panel (b) shows the comparison for the growth rates of labour productivity. In the manufacturing sector, the goodness of fit for both value added and labour productivity dynamic is excellent. Some differences emerge in the business services sector, largely due to the fact that National Account data include estimates of the underground economy and illegal workforce, that weigh more in business services than in manufacturing. According to the latest official figures, the illegal economy accounts for 7 per cent 
Productivity Decompositions
Aggregate labour productivity (ĭ) in year t corresponds to the weighted average of the individual firm's productivity (ρ i ), with the weights (Ȧ i ) being the firms' share of total employees. More formally:
(1)
Aggregate productivity can be further decomposed as the sum of the unweighted average firm productivity and the covariance between firm productivity and the share of employees:
The covariance term is often referred to as static "Olley and Pakes (OP) covariance". In Olley and Pakes (1996) , this decomposition - Recent developments in the economic literature devote increasing attention to allocative efficiency, since it reflects institutional and regulatory features that distort the functioning of the markets. As an example, Olley and Pakes (1996) document that, in the 1980s, the aggregate productivity of the US telecommunications industry grew considerably after an episode of market liberalization, and that this increase was largely due to an improvement of allocative efficiency. In another study, Bartelsman et al. (2013) quantify the contribution of In order to rewrite equation (2) in dynamic terms, firms are divided in three groups g, as mentioned above: 6 entrants (E) that were not active at time t-1 and enter the market at time t; exiting (X) firms that were active at time t-1 and exit from the market at time t; and incumbents (S) that are active on the market in both periods. With these definitions in hand, equation
(2) can be rewritten as:
where the weights w gt correspond to the share of employees in group g, F gt represents the aggregate productivity of group g, and G = {E, X, S}.
A dynamic version of equation (2) can be derived based on the methodology -known as dynamic OP decomposition -recently proposed by Melitz and Polanec (2015) . Considering two consecutive time periods, it is possible to express the aggregate productivity of the first period (ĭ 1 ) as the weighted average of the productivity of the firms that will survive and that of the firms that will exit the market; analogously, the aggregate productivity of the second period (ĭ 2 ) can be expressed as the weighted average of the productivity of the firms that have survived and that of the firms that have entered the market:
The difference between Ö 2 and Ö 1 returns the variation in aggregate productivity:
where the first term (ĭ S2 Ǧ ĭ S1 ) represents the productivity variation for the firms that are active on the market in both periods (the incumbents); the second (ĭ E2 Ǧ ĭ S2 ) is the contribution of entrants, which is positive (negative) if their productivity is higher (lower) than that of the incumbent firms; the third (ĭ S1 Ǧ ĭ X 1 ) is the contribution of firms that exit the market, which is positive (negative) if their productivity is lower (higher) than that of the incumbents. The term (ĭ S2 Ǧ ĭ S1 ) can be further decomposed into the variation of the 6 In all the analyses presented below, firm demography has been purged of false entrants and false exits, in the spirit of Geurts and Van Biesebroeck (2014) . To identify false entry and exits, we use an administrative register of events that collects information on corporate operations. As a consequence, we are able to exclude from our data operations such as mergers and spinoffs.
incumbents' average productivity (∆ ) and the one of the covariance between incumbents' productivity and the share of employees (∆Cov S ), capturing the intensity of the reallocation process. To sum up, the variation of aggregate productivity can be expressed as the sum of the following four components (the first being average productivity, followed by reallocation, entry and exit respectively):
where the sum of average productivity and reallocation add up to the contribution of the incumbents, and the sum of entry and exit add up to the contribution of net firm demography. 7
Results

Baseline Results
We first have applied the static decomposition in equation (2) 7 For sake of simplicity, we have described here the baseline Melitz and Polanec (2015) decomposition, which defines aggregate productivity as a weighted average of individual firms' log productivities. Despite returning a straightforward decomposition, this approach has two drawbacks: (i) the growth of aggregate productivity measured in logs does not correspond to that of aggregate productivity measured in levels, which is the one that should be preferred when evaluating welfare implications (Petrin and Levinsohn, 2012) ; (ii) in the baseline decomposition, the covariance term would not be invariant to changes in average productivity (i.e. a uniform increase in productivity for all firms would also map into the covariance term, rather than on the within-firm productivity term only). Melitz and Polanec (2015: 374) explain how these issues can be addressed, by performing the decomposition on data in levels and by defining a scale-independent covariance term. All the results presented in this article are obtained using this decomposition in levels. Notes: Net demography is defined as the sum of entry and exit. The decomposition on the 2005-13 period is not obtained by cumulating the contributions across years, but is instead obtained by applying the Melitz-Polanec decomposition on the initial and final year only. This means that the groups of incumbents, entrants and exiters are not directly comparable to the ones taken into account in the year-by-year exercises. This may lead to some counter-intuitive results: as an example, the annual net contribution from firm demography is positive in all years, but the contribution over the entire period is negative. (1)In terms of value added.
(2) With respect to surviving firms Ultimately, the contribution of firm demography depends on two factors: on one side, the rates of entry/exit from the market; on the other, the relative productivity of entering and exiting firms with respect to the incumbents.
The dynamics of these two factors is reported in Table 3 . Services are characterized by substantially higher entry and exit rates relative to manufacturing. Moreover, while in manufacturing the exit rate is always higher than the entry rate, 9 in services it is usually the opposite, 10 if we exclude the sudden tightening up of the selection process in the most acute phase of the sovereign debt crisis (2012 and 2013).
Entry rates in both manufacturing and services have shrunk over time, while the pattern followed by exit rates is less clear-cut; it is apparent, though, that exit rates suddenly increased in the years of crisis, suggesting that recessions influence firm demography mainly by pushing firms out of the market, rather than by preventing the entrance of new firms.
Looking at relative size and productivity of these firms with respect to incumbents, new entrants in manufacturing tend to be smaller but more productive with respect to those in services. Relative productivity has been declining for both entering and exiting firms throughout the whole period of observation, more intensely in manufacturing, where -as shown in Table 2 -the process of reallocation has sustained the aggregate productivity of incumbents.
Netting from Sectoral Composition
The results of the aggregate labour productivity decomposition presented in Table 2 Aggregate productivity growth expressed in per cent, is the sum of productivity growth in incumbents,entrants and exiting firms. Productivity growth in incumbents is the sum of unweighted average productivity growth and reallocation, expressed in percentage points. is largely dominated by the contribution of incumbent firms, which summarizes the often diverging contribution of the average productivity and of the reallocation terms: on one side, the firms' average productivity sluggishly growing at the beginning of our sample -suffered sharp declines in correspondence to the 11 When applied to narrowly-defined sectors, the dynamic OP decomposition may return extremely high values (in absolute terms) on some of its components; this is typically the case when dealing with sectors characterized by a few small firms. When we estimate model 8, it is therefore particularly important to clean for these outliers, that may severely affect our estimates, despite having little relevance in aggregate terms. To do that, we winsorize our dependent variables -i.e. the contribution to aggregate productivity growth of each component in equation 7 -at the 5 th and 95 th percentile across the whole sample.
two crisis episodes, and negatively weighed on aggregate productivity in all post-crisis years, except 2010; on the other side, the contribution of reallocation -initially less sizable -experienced a considerable jump at the onset of the financial crisis, maintaining its contribution at the same high levels in the following years. Adding to the positive effect of the reallocation process, the contribution of firm demography strengthened over the period of observation, thanks to the relevant increase of the exit component, driven by a more selective market environment after the two crisis episodes. These broad tendencies are largely confirmed when the exercise is repeated for manufacturing and services separately. 12 The most notable difference relates to the contribution of reallocation, which -despite being similar in size at the beginning of the sample -experienced a stronger increase for the firms in services than for those in manufacturing; nonetheless, the former were penalized by worse dynamics of the average productivity term.
Cyclical Fluctuations
The results presented in the previous sections do not disentangle the effect that different cyclical conditions at the sectoral level may have on the four components in the aggregate productivity decomposition. In order to explore the role of the business cycle, we enrich equation 8 with an additional term, exploiting the information on real sales at the industry level.
More specifically, we estimate the following regression by OLS:
where ∆ I st is the growth rate of a real sales index for each 5-digit sector s between years t-1 and t. In this case, our coefficient of interest is β , representing the elasticity of each component of labour productivity to the business cycle at the industry level. 
Industry Characteristics
Finally, we explore to what extent the four components of equation (7) are influenced by structural characteristics at the industry level.
In order to do so, we perform an OLS estimation on the following regression: We start by exploiting our firm level data. 
Conclusion
In this article we exploit a unique dataset To our knowledge, this article is the first one that analyzes productivity dynamics using detailed data on the universe of Italian firms.
The advantage of using complete and high-quality data is non-negligible: we show that different sample cuts, often used in the literature, fail to capture the changes in the incidence of allocative efficiency over aggregate productivity.
Appendix: 14
Dealing with Missing Values
The validity of our empirical exercise crucially rests on the quality of the data used. One of the main concerns is therefore related to the non-negligible share of firms -especially in the years between 2005 and 2010-for which we are not able to measure value added. As documented in Abbate et al. (2017) , the missing information has been filled by imputing the median value added per worker within cells defined by industry classification, size class, location and legal form.
We present an additional exercise that aims at checking the robustness of our estimates against the exclusion of the imputed information on value added. It would be desirable for us that the results of this exercise closely followed those presented in Table 2 ; that would allow us to claim that the imputation performed did not significantly distort our estimates. Appendix Table 2 displays the results obtained excluding from the analysis the records with imputed value added: they are completely in line with those presented above both in terms of average productivity and reallocation; some slight difference emerges in the net contribution of firm demography, which is sometimes negative, especially in services. The results obtained for period 2012-13 exactly replicate those presented in Table 2 , since in those years data did not present missing values.
Overall, this robustness exercise suggests that the imputation method used to fill in the missing information did not significantly distort the results of our decomposition. since it can represent a valid alternative for measuring labour productivity (as in Bartelsman et al. (2013) ). Appendix Table 3 shows the decomposition applied to sales per worker. The results confirm that the reallocation has sustained aggregate dynamics in both manufacturing and services, though experiencing larger swings than in the previous exercise and turning negative in a few cases; the contribution of average sales per worker is largely negative throughout all the sample, just like the average productivity component in Table 2 . Entry and exit still offer a negative and positive contribution, respectively, but their net effect -even if small-is not positive in all periods; it is confirmed, however, that the largest contributions from firm demography were registered in the years of the financial crisis (2008-09).
Alternative Productivity Measure
